GENERAL RESPONSE REMEDIAL TECHNOLOGY
ENVIRONMENTAL REMEDIAL ACTION OBJECTIVES ACTIONS TYPES
MEDIA (RAOs) (FOR REMEDIAL (FOR GENERAL AREA OF
ACTION OBJECTIVES) RESPONSE ACTIONS) PROCESS OPTIONS CONCERN DESCRIPTION SCREENING COMMENTS
SOIL 1. PREVENT HUMAN DIRECT CONTACT
EXPOSURE TO SOIL IMPAGTED WITH A.  NOACTION NOT APPLICABLE NONE SITE WIDE NO ACTION REQUIRED FOR CONSIDERATION BY NCP
VOCs, SVOCs, PCBs, METALS (EXCEPT
ARSENIC), AND OTHER INORGANICS IN
EXCEEDANCE OF THE MICHIGAN ACT
451, PART 201 CLEANUP CRITERIA AND B. INSTITUTIONAL ACCESS DEED SITE WIDE IMPLEMENT LEGAL MECHANISMS TO  POTENTIALLY APPLICABLE
HUMAN DIRECT CONTACT/INGESTION/ CONTROLS RESTRICTIONS RESTRICTIONS ENFORCE LAND USE RESTRICTIONS
INHALATION EXPOSURE TO SOIL TO REQUIRE LAND USE CONSISTENT
IMPACTED WITH ARSENIC IN WITH DEVELOPMENT PLAN
EXCEEDANCE OF 40 mg/kg FOR A
RESIDENTIAL SCENARIO AND 107 mg/kg
FOR A NON-RESIDENTIAL SCENARIO. CAPPING CLEAN FILL SITE WIDE PLACE APPROPRIATE POTENTIALLY APPLICABLE, BUT NOT
COVER/CAPPING SYSTEM OVER APPROPRIATE/EFFECTIVE BECAUSE
2. PREVENT THE POTENTIAL FOR [ ConTANMENT AREAS OF SOIL IMPACT EXCEEDING ~ ONLY LOCALIZED LOW LEVEL SOIL
LEACHING OF CONTAMINANTS FROM ' RAOs IMPACTS EXIST
SOIL TO GROUNDWATER AND CONSOLIDATE IMPACTED
ULTIMATELY MIGRATING TO CONSOLIDATION/ MATERIALS/CAP WITH SITE WIDE EXCAVATE AREAS OF SOIL IMPACT ~ POTENTIALLY APPLICABLE
SURFACE WATER AT CAPPING CLEAN FILL EXCEEDING RAOs AND CONSOLIDATE
CONCENTRATIONS ABOVE THE MATERIAL IN CENTRALIZED AREA OF
MICHIGAN ACT 451, PART 201 SITE; CONSTRUCT APPROPRIATE
CLEANUP CRITERIA FOR VOCs, COVER/CAPPING SYSTEM OVER
SVOCs, PCBs, METALS, AND OTHER CONSOLIDATION AREA, AND ALONG
INORGANICS. KALAMAZOO RIVER AND MILL RACE
3. MITIGATE THE POTENTIAL FOR T
HUMAN INHALATION EXPOSURE TO — — SITE WIDE EXCAVATE AREAS OF SOIL IMPACT POTENTIALLY APPLICABLE
INDOOR AIR VAPORS RESULTING Lo._excavarion EXCAVATION OFF-SITE DISPOSAL EXCEEDING RAOs FOR
FROM SOIL IMPACTED ABOVE TRANSPORTATION AND DISPOSAL
MICHIGAN ACT 451, PART 201 OFF-SITE AT APPROPRIATELY
CLEANUP CRITERIA FOR VOCs AND PERMITTED FACULTIES
METALS.
IN-SITU CHEMICAL/BIOLOGICAL SITE WIDE TREAT AREAS OF SOIL IMPACT USING NOT APPROPRIATE/EFFECTIVE
4. PREVENT AVIAN AND MAMMALIAN TREATMENT CHEMICAL OR BIOLOGICAL BECAUSE ONLY LOCALIZED LOW
RECEPTOR EXPOSURE TO SURFACE E. TREATMENT TREATMENT METHODS TO REDUCE ~ LEVEL SOIL IMPACTS EXIST
SOIL IN WOODED RIPARIAN AREAS CONTAMINANTS PRESENT TO LEVELS
ALONG THE KALAMAZOO RIVER WITH BELOW THE RAOs
95 PERCENT UPPER CONFIDENCE
LIMIT (UCL) CONCENTRATIONS FOR EX-SITU PAVEIgALEAIS SITE WIDE EXCAVATE AREAS OF SOIL IMPACT ~ NOT APPROPRIATE/EFFECTIVE
HIGH MOLECULAR WEIGHT (HMW) BIOLOGICAL TREATMENT EXCEEDING RAOs FOR ON-SITE BECAUSE ONLY LOCALIZED LOW
POLYCYCLIC AROMATIC TREATMENT USING APPROPRIATE LEVEL SOIL IMPACTS EXIST
HYDROCARBONS (PAHs), ANTIMONY, TREATMENT TECHNOLOGY TO
CADMIUM, COPPER, LEAD, MERCURY, REDUCE CONTAMINANTS PRESENT
SELENIUM, VANADIUM, AND ZINC TO BELOW THE RAOS AND PLACE
WITH CONCENTRATIONS EXCEEDING TREATED MATERIAL BACK IN
THE FOLLOWING LEVELS: 25.6 mg/kg EXCAVATION AREAS
FOR HMW PAHs; 2,150 mg/kg FOR
ANTIMONY; 7.76 mg/kg FOR CADMIUM;
285 mg/kg FOR COPPER; 391 mg/kg
FOR LEAD: 1.95 mg/kg FOR MERCURY;
7.66 mg/kg FOR SELENIUM; 49 mg/kg
FOR VANADIUM; AND 789 mg/kg FOR
ZINC.
5. PROTECT SURFACE WATER AND
SEDIMENTS BY MITIGATING THE
POTENTIAL FOR EROSION OF SOIL TO
THE KALAMAZOO RIVER AND MILL
RACE.
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GENERAL RESPONSE REMEDIAL TECHNOLOGY
ENVIRONMENTAL REMEDIAL ACTION OBJECTIVES ACTIONS TYPES
MEDIA (RAOSs) (FOR REMEDIAL (FOR GENERAL AREA OF
ACTION OBJECTIVES) RESPONSE ACTIONS) PROCESS OPTIONS CONCERN DESCRIPTION SCREENING COMMENTS
GROUNDWATER 6. PREVENT HUMAN EXPOSURE TO A. NO ACTION NOT APPLICABLE |—| NONE | SITE WIDE NO ACTION REQUIRED FOR CONSIDERATION
GROUNDWATER WITH BY NCP
CONCENTRATIONS EXCEEDING
MICHIGAN ACT 451, PART 201
DRINKING WATER CRITERIA.
B. INSZEI’_HQSQIAL RESA'I'CIi{CI:ICE'?ISONS RESTLI)?I?(I_‘E,'II:')IONS SITE WIDE IMPLEMENT LEGAL MECHANISMS TO POTENTIALLY APPLICABLE
7. PROTECT SURFACE WATER BY ENFORCE LAND USE RESTRICTIONS
MITIGATING THE POTENTIAL FOR TO PREVENT INSTALLATION OF NEW
GROUNDWATER TO MIGRATE TO DRINKING WATER WELLS IN/NEAR
SURFACE WATER ABOVE MICHIGAN IMPACTED GROUNDWATER AREAS
ACT 451, PART 201 REQUIREMENTS
PROTECTIVE OF THE
GROUNDWATER-SURFACE WATER MW-12 AREA/ CONDUCT ROUTINE MONITORING OF ~ POTENTIALLY APPLICABLE
INTERFACE. C. MONITORING NOT GROUNDWATER DOWNGRADIENT GROUNDWATER WELLS AT MW-12
APPLICABLE MONITORING PROPERTY AREA/DOWN GRADIENT PROPERTY
BOUNDARY BOUNDARY
SLURRY WALL MW-12 AREA/ CONSTRUCT TRENCHES THEN NOT NEEDED TO MEET OBJECTIVES. NOT
DOWNGRADIENT BACKFILL WITH SOIL BENTONITE REQUIRED BECAUSE ONLY LOCALIZED
PROPERTY SLURRY LOW LEVEL GROUNDWATER IMPACTS
BOUNDARY EXIST AND MIGRATION IS LIMITED
MW-12 AREA/ INJECT GROUT UNDER PRESSURE NOT NEEDED TO MEET OBJECTIVES. NOT
PHYSICAL BARRIER CGUFI{RQI'{II-N DOWNGRADIENT IN A REGULAR PATTERN REQUIRED BECAUSE ONLY LOCALIZED
PROPERTY LOW LEVEL GROUNDWATER IMPACTS
BOUNDARY EXIST AND MIGRATION IS LIMITED
VERTICAL MW-12 AREA/ INSTALL A PHYSICAL BARRIER TO NOT NEEDED TO MEET OBJECTIVES. NOT
— | GEOMEMBRANE DOWNGRADIENT RE-DIRECT GROUNDWATER FLOW REQUIRED BECAUSE ONLY LOCALIZED
PROPERTY LOW LEVEL GROUNDWATER IMPACTS
BOUNDARY EXIST AND MIGRATION IS LIMITED
D. CONTAINMENT HYDRAULIC BARRIER FLOW DIVERSION MW-12 AREA/ CONSTRUCT A DRAIN IN NOT NEEDED TO MEET OBJECTIVES. NOT
DRAIN DOWNGRADIENT CONJUNCTION WITH PHYSICAL REQUIRED BECAUSE ONLY LOCALIZED
PROPERTY BARRIER TO AVOID MOUNDING LOW LEVEL GROUNDWATER IMPACTS
BOUNDARY EXIST AND MIGRATION IS LIMITED
MW-12 AREA/ CONSTRUCT A PHYTOREMEDIATION NOT NEEDED TO MEET OBJECTIVES. NOT
PHYTOREMEDIATION DOWNGRADIENT ~ ZONE TO CREATE HYDRAULIC REQUIRED BECAUSE ONLY LOCALIZED
PROPERTY BARRIER LOW LEVEL GROUNDWATER IMPACTS
BOUNDARY EXIST AND MIGRATION IS LIMITED
REACTIVE BARRIER PERMEABLE MW-12 AREA/ INSTALL A PRB TO BREAKDOWN NOT NEEDED TO MEET OBJECTIVES. NOT
REACTION BARRIER DOWNGRADIENT CONTAMINANTS AS WATER PASSES REQUIRED BECAUSE ONLY LOCALIZED
PROPERTY THROUGH BARRIER LOW LEVEL GROUNDWATER IMPACTS
BOUNDARY EXIST AND MIGRATION IS LIMITED
E. COLLECTION/ EXTRACTION/ PUMP AND TREAT MW-12 AREA/ INSTALL GROUNDWATER NOT NEEDED TO MEET OBJECTIVES. NOT
TREATMENT TREATMENT DOWNGRADIENT EXTRACTION AND TREATMENT REQUIRED BECAUSE ONLY LOCALIZED
PROPERTY SYSTEM TO REDUCE LOW LEVEL GROUNDWATER IMPACTS
BOUNDARY CONTAMINANT LEVELS EXIST AND MIGRATION IS LIMITED
ENHANCED PUMP MW-12 AREA/ INSTALL GROUNDWATER NOT NEEDED TO MEET OBJECTIVES. NOT
AND TREAT DOWNGRADIENT EXTRACTION AND TREATMENT REQUIRED BECAUSE ONLY LOCALIZED
PROPERTY SYSTEM, AND SELECTIVELY INJECT LOW LEVEL GROUNDWATER IMPACTS
BOUNDARY MATERIALS TO ENHANCE REDUCTION  EXIST AND MIGRATION IS LIMITED
OF CONTAMINANT LEVELS
LEGEND .
LEGEND figure 2
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EFFECTIVENESS

IMPLEMENTABILITY

COST

GENERAL RESPONSE REMEDIAL TECHNOLOGY
ACTIONS TYPES
(FOR REMEDIAL (FOR GENERAL
ACTION OBJECTIVES) RESPONSE ACTIONS) PROCESS OPTIONS AREA OF CONCERN
A.  NOACTION —  NOT APPLICABLE — NONE | SITE WIDE
B. INSTITUTIONAL ACCESS DEED SITE WIDE
CONTROLS RESTRICTIONS RESTRICTIONS
C.  EXCAVATION, Rl SITE WIDE
CONSOLIDATION & CONSOLIDATION/CAPPING MATERIALS/CAP WITH
CLEAN FILL
DEXGAVATION TO LAND
USE-BASED CRITERIA REMOVAL AND SITE WIDE
WITH OFF-SITE EXCAVATION OFF-SITE DISPOSAL
DISPOSAL
E. EXCAVATION TO
RESIDENTIAL REMOVAL AND SITE WIDE
CRITERIA WITH EXCAVATION OFF-SITE DISPOSAL
OFF-SITE DISPOSAL
LEGEND

—
—

RAO

RN

RETAINED FOR USE IN REMEDIAL ALTERNATIVES

ELIMINATED FROM CONSIDERATION

REMEDIAL ACTION OBJECTIVE

Oo&M

NOT EFFECTIVE, DOES NOT ACHIEVE RAOs

MAINTAINS LAND USE CONSISTENT WITH RAOs, BUT

ONLY ACHIEVES RAOs IN COMBINATION WITH
OTHER ALTERNATIVES

EFFECTIVE TO REDUCE EXPOSURE TO

CONTAMINANTS OF CONCERN FOR HUMAN AND
ECOLOGICAL RECEPTORS. DOES NOT REDUCE
THE QUALITY OF IMPACTED MATERIAL ON-SITE

EFFECTIVE TO REDUCE EXPOSURE TO
CONTAMINANTS OF CONCERN FOR HUMAN AND
ECOLOGICAL RECEPTORS AND REDUCING
QUANTITY OF IMPACTED MATERIAL ON-SITE

EFFECTIVE TO REDUCE EXPOSURE TO
CONTAMINANTS OF CONCERN FOR HUMAN AND
ECOLOGICAL RECEPTORS AND REDUCING
QUANTITY OF IMPACTED MATERIAL ON-SITE

OPERATIONS AND MAINTENANCE

NOT ACCEPTABLE

EASILY IMPLEMENTED, REQUIRES LEGAL
SERVICES AND ONGOING ENFORCEMENT

EASILY IMPLEMENTED, REQUIRES
INSTITUTIONAL CONTROLS TO BE EFFECTIVE

EASILY IMPLEMENTED, REQUIRES
INSTITUTIONAL CONTROLS TO BE EFFECTIVE

EASILY IMPLEMENTED

NONE

LOW

MODERATE CAPITAL, MODERATE
O&M

MODERATE CAPITAL, LOW O&M

HIGH CAPITAL, LOW O&M
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GENERAL RESPONSE
ACTIONS
(FOR REMEDIAL
ACTION OBJECTIVES)

REMEDIAL TECHNOLOGY
TYPES
(FOR GENERAL
RESPONSE ACTIONS) PROCESS OPTIONS

AREA OF CONCERN

EFFECTIVENESS

IMPLEMENTABILITY

COST

A.  NOACTION —  NOT APPLICABLE — NONE | SITE WIDE
B. INSTITUTIONAL ACCESS DEED SITE WIDE
ACTIONS RESTRICTIONS RESTRICTIONS
C. MONITORING NOT GROUNDWATER MW-12 AREA/
APPLICABLE MONITORING DOWNGRADIENT
PROPERTY
BOUNDARY
LEGEND
[ RETAINED FOR USE IN REMEDIAL ALTERNATIVES 0O&M OPERATIONS AND MAINTENANCE
[C——1] ELIMINATED FROM CONSIDERATION
CRIA
RAO REMEDIAL ACTION OBJECTIVE

NOT EFFECTIVE, DOES NOT ACHIEVE RAOs

PREVENTS THE USE OF IMPACTED GROUNDWATER
AS A SOURCE OF DRINKING WATER

USEFUL FOR DOCUMENTING CONDITIONS, MAY
NOT REDUCE IMPACTS; HOWEVER, IMPACTS ARE
MARGINAL

NOT ACCEPTABLE

EASILY IMPLEMENTED; REQUIRES LEGAL
SERVICES AND ONGOING ENFORCEMENT

EASILY IMPLEMENTED

NONE

LOW

LOW CAPITAL, LOW O&M

figure 4
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